Sexual dimorphism in the response to N-methyl-D-aspartate receptor antagonists and morphine on behavior and c-Fos induction in the rat brain.
It has been suggested that there are sex differences in the neural response to drugs of abuse. Previous studies have shown that, upon administration of morphine, the immediate early gene c-Fos is induced in the striatum, nucleus accumbens and cortex of the rat brain. This induction of c-Fos is reduced by administration of the N-methyl-D-aspartate receptor antagonist dizocilpine maleate. However, in studies using immunocytochemistry, we found that the pattern of this expression differed markedly between the sexes. In male rats treated with morphine (10 mg/kg, s.c.) and killed 2 h later, there was an induction of c-Fos in the dorsomedial caudate-putamen, the nucleus accumbens and in the intralaminar nuclei of the thalamus. Administration of dizocilpine maleate (0.2 mg/kg, i.p.; 30 min before morphine) partially blocked the response in the caudate-putamen, but not in the thalamus. In females, morphine induced c-Fos in the caudate-putamen, but with more inter-animal variability than in males. In the midline intralaminar thalamic nuclei, female rats showed less induction than males. In male rats, dizocilpine maleate alone caused negligible induction of c-Fos, whereas in female rats, it caused a large induction in the rhomboid, reuniens and central medial nuclei of the thalamus, and in the cortex. Whereas dizocilpine maleate partially blocked the morphine-induced c-Fos expression in the caudate-putamen of males, it completely blocked this response in females. With dizocilpine maleate alone, there was little or no effect on behavior in male rats, whereas in female rats, it caused head bobbing, thrashing, hyperactivity and uncoordinated movements. These behavioral sex differences were not seen on treatment of rats with the competitive N-methyl-D-aspartate receptor antagonist 2R,4R,5S-2-amino-4,5-(1,2-cyclohexyl)-7-phosphoheptanoic acid (NPC-17742; 10 mg/kg, i.p.) and this drug did not induce c-Fos expression in either sex. In the caudate-putamen, morphine-induced c-Fos expression was significantly reduced by NPC-17742 (30 min before morphine) in males and completely blocked in females. These results suggest that the responses to both morphine and N-methyl-D-aspartate receptor antagonists differ between the sexes and emphasize that glutamate is involved in morphine-induced immediate early gene expression in the brain. These studies thus have important implications for gender differences in drug addiction.